INTRODUCTION
Several techniques are now available for testing specimens for imminent failure modes. These include ultrasonic, eddy current, radiography and thermal imaging techniques for detection of cracks; X-ray, low angle neutron diffraction and magnetic techniques for the detection of residual stresses and microstructural. While techniques such as ultrasonics and eddy currents lend themselves to portability and show excellent sensitivity in detection of micro-cracks that have already formed, their sensitivity to the stages leading to formation of the micro cracks viz. changes in microstructure and residual stress patterns is not adequate for repeatable and reliable measurements. X ray and low angle neutron diffraction methods on the other hand permit absolute measurements of the residual stress profile in the specimen, however these are not easily portable and are necessarily destructive in nature because they require a specimen to be cut from the component in order to perform these examinations.
Magnetic techniques, especially Barkhausen emission measurements, show excellent sensitivity to residual stress levels in the specimens[I, 2, 3] and to changes in microstructure [I,4] . Barkhausen emissions arise from discontinuous changes in the magnetization as a result of spontaneous motion of domain walls, domain nucleation and annihilation and discontinuous rotation of magnetization within domains [3, 5] . Such emissions are detected as voltage pulses induced in a coil either wrapped around the specimen or held close to the specimen with its plane parallel to the surface. Since Barkhausen emission is intimately related with the dynamics of domain motion and defect structures [3] , the nature of the detected signal is influenced by factors such ·as stress, which changes the differential permeability of the material, and hence changes the amplitude of the detected signal [3] .
Fatigue changes the dislocation density and the rate of change of magnetization of the material [3] . The sensitivity of the technique to the stress at different depths in the specimen may be changed by adjusting the frequency of the excitation signal, which alters its penetration into the material, and also by bandwidth limiting the detected signal. The Barkhausen technique has found application in flaw detection in steel plates [6] , estimation of surface decarburization [7] , radiation damage [8] , and estimation of surface hardening treatment imparted by conventional techniques [9] and by shot peening [lO] .
SYSTEM DESIGN
The Magneprobe was designed as a portable system for the detection and analysis of Barkhausen signals from a part for nondestructive evaluation. Its versatility arises from the fact that it is completely computerized and offers a range of analysis techniques. It uses an IBM PC compatible computer and may be expanded or tailored for many different applications. The system development required hardware for generating the magnetic field in the part and detection of the Barkhausen signal, and software for instrument control and data analysis. The hardware employed was chosen to be optimal for the purpose and kept to a minimum to enhance portability.
Hardware: The system hardware is composed of three major components: the computer with the digitizer, the control unit and the inspection head (fig-I ). An IBM compatible 80486 based notebook computer is used for instrument control and data analysis. Waveform synthesis and data acquisition are accomplished with an Ariel DSP32C board which features two analog to digital (AID) input channels and two digital to analog (DI A) output channels, a maximum digitizing rate of 400 KHz at 12 bits (1/4096) of resolution and a total of 64K words of on-board memory. The computer is interfaced to the components in the control unit via the GPIB. The DSP board and the GPIB interface board are connected to the notebook computer via the expansion bus on the notebook computer. The control unit comprises a programmable filter-preamplifier, an operational power amplifier and interface electronics. The filter-preamplifier has three independent modules: a low pass and a high pass filter, each with programmable gain from 0 -60 dB and a programmable band pass/reject module with gain 0 -40 dB. Each of the filters may be programmed as a five pole Butterworth or Bessel stage. The power amplifier has an output range of -36 to +36 volts at -6 to +6 amperes. The input range is -10 to + 10 volts for full swing output. Other electronics include modules for matching the output range of the D/A converter (+1-1 volt) to the input range of the power amplifier (+1-10 volts) and current limiting resistor banks.
The inspection head comprises of a U shaped supermendur core with power coils wound on it. A Barkhausen pickup coil is mounted in between the two arms of the core with its axis perpendicular to the specimen surface to be inspected. Also, a flux coil is wound on one of the arms of the core in order to measure the flux passing through the specimen.
The synthesized excitation signal from the DI A stage of the DSP board is amplified and fed to the power coil in the inspection head. The power amplifier is operated in voltage control mode in order to curb output stage oscillations induced by the inductive load. Current in the power coil of the inspection head (R= 0.60) is limited by means of external resistor banks which also serve to improve signal to noise ratio at the power amplifier output. Barkhausen signal induced in the pickup coil is bandwidth limited, typically between 70 KHz and 200 KHz, and amplified using the combined gain (up to 100 dB) of the cascaded high pass and band pass filter amplifier stages and then digitized by the AID converter. Signal from the flux coil is low pass filtered, amplified and digitized by the computer.
Software: The software package for the Magneprobe is written in the programming language C as a true Windows application. The menu structure divides options into those relating to file operations, specimen inspect options, data massaging options and data analysis operations. File operations include data file load, save and view, spectrum file load, save and view.
The inspect menu opens dialog boxes for the setup of the DSP board, the filteramplifier and operational procedure for an inspection. The sampling rate for the AID and DI A converters, the excitation waveform type, its period and number of cycles, and the number of sample points to be recorded by the AID converter are programmed through the DSP board set up dialog box. The waveform can be sinusoidal, triangular or an arbitrary form, one cycle of which may be read from a file. The filter-amplifier setup dialog box permits programming the input and output gain of each filter stage and their respective cutoff frequencies. Operational procedures may also include a demagnetization routine whose maximum amplitude, cycle period and number of cycles for decay are programmable, before and after a measurement. All instrument settings may be saved to a file and restored at a later time for exact repetition of measurement conditions. Data massaging options include change of units from Gaussian(CGS) to and from International system (SI) units using parameters of the detection coils. It permits scaling the data by a constant and the removal of any DC offset present. It also allows setting a discrimination level to eliminate noise in the data.
Analysis option include pulse height analysis, root mean square analysis, count rate analysis and Fourier analysis that may be carried out on the Barkhausen signal. All settings for these techniques are entered from their respective dialog boxes. The results of these analytical techniques may be displayed in separate windows and saved to disk for later retrieval.
RESULT
The Magneprobe has been used to study Barkhausen emissions from steel, rapidly solidified amorphous metal samples, and shot peened steel samples. Results from the study of a shot peened steel specimen (4 inches in diameter, 0.25 inches thick) are presented here. Shot peening is a surface treatment procedure used to improve the wear resistance of the component. The effect of shot peening is the introduction of compressive stresses in the material [lO] . This process also increases point defects in the near surface and hence impedes the motion of the domain walls resulting in diminished Barkhausen activity. This is evident in the Barkhausen signal from the sample before and after the treatment (fig-2  and fig-3 ). Pulse height spectrum of the two signals shows increased numbers of Barkhausen pulses in the low amplitude range which is indicative of compressive stress in the material.
CONCLUSION
The Magneprobe is a versatile non-invasive magnetic testing tool, offering a range of data analysis techniques. The system design is such that it may be easily expanded or tailored to suit a particular application. It may be used to estimate surface residual stress and microstructural changes which are manifestations of incipient failure modes. It may lAO Fig-2 . Barkhausen signal from unmodified side.
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Fig-4.
Pulse height spectrum of Barkhausen signal from unmodified side. also be used as a quality control instrument, for example, to check depth of hardening. The system is portable and can be carried on site for measurements on parts in service.
